1. Introduction {#sec0005}
===============

Social phobia is an anxiety disorder characterized by an intense and persistent fear of social situations and negative evaluation by others often provoking a significant anxiety response and avoidance of social situations ([@bib0315]). Initial attendance to and subsequent avoidance of social threat stimuli have been suggested to contribute to the development and maintenance of social phobia ([@bib0010]; [@bib0140]). Empirical evidence is largely consistent with this proposal as hypervigilance for social threat cues, such as social threat words and emotional faces, was observed in several studies ([@bib0190]; [@bib0250]; [@bib0265]). Moreover, the avoidance of disorder-relevant stimuli following the initial hypervigilance towards such cues has been demonstrated when the time course of attention was taken into account in social phobia and anxiety ([@bib0130]; [@bib0245]; [@bib0310]), although evidence for avoidance of these stimuli is less consistent (e.g., [@bib0105]).

The eyes convey important information about the emotional state of conspecifics, their focus of attention and their intentions. Research in social phobia has therefore particularly focused on investigating the relationship between social anxiety and attention towards the eye region. Self-reports and behavioral studies in social phobia and anxiety revealed a marked tendency to avoid eye contact in social situations ([@bib0025]; [@bib0060]; [@bib0240]). Studies employing eye-tracking technology and computerized faces have supported these findings by demonstrating a lower amount of fixations and dwell times on the eye region for patients suffering from social phobia ([@bib0150], [@bib0155]; [@bib0200]; [@bib0195]; [@bib0300]). However, these studies employed relatively long stimulus presentation times (∼10 s) and analyzed gazing behavior across the whole viewing period. As a result it remains unclear whether initial hypervigilance to the eye region as reported for other social threat cues might precede later avoidance. Moreover, increased rather than decreased attention towards the eyes of facial expressions has been reported in shy children and socially anxious individuals ([@bib0040]; [@bib0305]).

In the current study, we employed two novel eye-tracking paradigms to examine the gazing behavior of patients with social phobia compared to healthy controls in response to emotional facial expressions. In the first experiment, angry, fearful, happy and neutral faces were presented either briefly or for a longer duration and we manipulated whether participants initially fixated on the eye or the mouth region of facial expressions. Thus, contrary to previous experiments investigating attention to the eyes in patients with social phobia, our paradigm allowed for investigating early, reflexive shifts of attention towards the eyes or towards the mouth. It further enabled us to dissociate these reflexive aspects of visual orienting from sustained attention towards specific facial features. We expected that early, reflexive attentional shifts towards the eye region would be more pronounced in patients with social phobia as compared to controls. An avoidance of the eye region as reported in previous studies based on free-viewing conditions however ([@bib0150], [@bib0155], [@bib0200], [@bib0195], [@bib0300]), was expected to occur only subsequent to the initially increased attention towards the eyes in patients with social phobia.

Our task additionally allowed for determining whether the hypothesized preferential processing of the eye region in social phobia is restricted to specific emotions for which the eye region possesses a higher diagnostic relevance than the mouth region. This applies to fearful and angry, but not to happy faces for which the mouth region is diagnostically most relevant ([@bib0260]). Notably, in previous applications of this paradigm initial gaze shifting has been shown to vary as a function of these diagnostic facial features ([@bib0035], [@bib0110]; [@bib0230]). Thus, we expected that the supposed group differences regarding attention towards the eyes would interact with the type of emotional expression if patients with social phobia orient their gaze more frequently towards diagnostically relevant facial features such as the eyes of fearful faces and the mouth of happy faces.

The second experiment was a gaze-cueing paradigm, in which non-predictive gaze cues were supposed to trigger gaze-following and facilitate identification of targets appearing at the gazed-at location. It was hypothesized that enhanced reflexive attention towards the eyes and later avoidance of the eye region would result in differences in gaze-following and gaze-cueing effects between patients and controls.

2. Methods and materials {#sec0010}
========================

2.1. Participants {#sec0015}
-----------------

Based on the sample sizes of previous eye-tracking studies in social phobia (e.g., [@bib0150], [@bib0155], [@bib0200], [@bib0300]) as well as our experience with the experimental paradigm, we aimed at recruiting a minimum of 20 participants for each group. Since eye-tracking measures between factor levels are substantially correlated (*r* \> 0.70 in our previous studies, e.g. [@bib0035]), the power for detecting medium effects (*f* = 0.25) in interactions between group and within-subject factors is larger than 0.90 ([@bib0085]).

In total, 22 patients with social phobia and 22 healthy controls carefully matched with respect to age, gender and education participated in this study. Initially, 24 patients and 24 controls were recruited. One patient was excluded because of acute psychotic symptoms and another one because he was illiterate and unable to complete the questionnaires. Additionally, two control participants had to be replaced because they reached high values on the social anxiety questionnaires (see Section [3.1](#sec0090){ref-type="sec"}). Patients were recruited when seeking treatment from the psychotherapeutic outpatient clinic Falkenried in Hamburg, Germany. All of them had a primary diagnosis of social phobia (ICD-10; see [Table 1](#tbl0005){ref-type="table"} and Supplement for further details on the sample), which was established during an initial interview by a clinically trained psychologist who checked relevant ICD-10 criteria for social phobia as well as potential comorbid disorders. This interview was conducted in a similar manner (standardized operating procedures of the respective outpatient clinic) for all participants and diagnoses were verified in a second interview by the clinically trained psychologist who was responsible for organizing further treatment. Participants in the control group were recruited via advertisement and screened for any current or past psychiatric symptoms using the MINI-international neuropsychiatric interview ([@bib0255]). Four of the social phobia subjects were on medication, including three on selective serotonin reuptake inhibitors (escitalopram and citalopram), one on a serotonin-norepinephrine reuptake inhibitor (venlafaxine) and two of them were additionally treated with anticonvulsant drugs (pregabalin). All patients and controls had normal or corrected-to-normal vision and gave written informed consent as approved by the local ethics committee of the Medical Board in Hamburg, Germany.

2.2. Apparatus and procedure {#sec0020}
----------------------------

Volunteers performed two eye-tracking tasks as described in the following. Questionnaires were completed in the break between the experiments. Eye movements were monitored using a video-based eye tracking system (EyeLink 1000, SR Research, Ontario, Canada) with a sampling rate of 1000 Hz. The Software Presentation (Neurobehavioral Systems, Albany, CA, USA) was used to present the stimuli on a 20′′ Samsung SyncMaster 204B display (40.64 × 30.48 cm) with a resolution of 1600 by 1200 pixels and a refresh rate of 60 Hz. Participants viewed the screen from a distance of 51 cm and the head location was fixed using a chin rest and a forehead bar. The physical size of the depicted faces in both experiments amounted to 9.7 × 13.9 cm which yielded a visual angle of 10.9 × 15.6°. To ensure that participants fixated the middle of the screen before the facial stimuli were presented, they were instructed to look at the fixation cross whenever it was shown on the screen in both experiments. When the fixation cross disappeared (e.g., when faces were shown), volunteers were free to look wherever they wanted to. In both paradigms, participants were verbally instructed before the start of the experiment and familiarized with the task in a short training session using a different set of stimuli.

All statistical tests were performed using the statistical programming language R ([www.r-project.org](http://www.r-project.org){#intr0005}). An a priori significance level of *α* = 0.05 was applied. A multivariate analysis approach as implemented in the *car* package was used for all repeated-measures analyses of variance (ANOVAs). Partial Cohen's *f* is reported as an effect size estimate ([@bib0050]).

2.3. Measures {#sec0025}
-------------

### 2.3.1. Assessment of social anxiety {#sec0030}

The level of social anxiety was assessed using German versions of the Social Phobia and Anxiety Inventory (SPAI; [@bib0285]) and the Social Interaction Anxiety Scale (SIAS; [@bib0185]). The SPAI assesses specific somatic symptoms, cognitions, and behaviors across a range of potentially fear-producing situations to measure social anxiety. It has high test-retest reliability as well as good internal consistency and enables the discrimination of social phobics from individuals with other anxiety disorders as well as healthy controls ([@bib0285]). The German version of the inventory ([@bib0100]) differs from the original version as the number of items has been reduced from 32 to 22 and the agoraphobia subscale has been removed because contrary to the original version its suppressor function could not be verified in a German sample. To provide SPAI sum scores comparable to the original version, values were linearly transformed in the current study.

The SIAS is a self-report scale that measures fear of interacting with other people. The German version of the SIAS includes 20 items which are evaluated on five-point response scales. Its test-retest reliability is high (*r* \> 0.90) for a four-weeks interval and Cronbach's α values range between 0.86 and 0.90 for patients with social phobia and healthy controls ([@bib0185]). The SPAI and the SIAS were included in order to control for social anxiety among control participants. Two of the initially recruited control participants were excluded because they scored too high on these social anxiety measures (see Section [2.1](#sec0015){ref-type="sec"}).

### 2.3.2. Assessment of depression {#sec0035}

All volunteers completed the Beck's Depression Inventory (BDI; [@bib0135]) to control for the current degree of depression. The BDI is a self-report inventory which measures the severity of depression and comprises 21 items. Internal consistency of the BDI is sufficiently high with Cronbach's α = 0.88 and the questionnaire has been validated for use in German clinical and non-clinical samples ([@bib0135]; [@bib0215]).

### 2.3.3. Assessment of anxiety {#sec0040}

We used the State-Trait Anxiety Inventory (STAI-T; [@bib0270]) to assess trait anxiety as a control variable. The trait subscale of the STAI measures habitual anxiety with short descriptions of emotional states which have to be rated on a 4-item Likert scale. It has excellent internal consistency (average 0.89) and test-retest reliability (average 0.88) and evidenced convergent and discriminant validity ([@bib0030]; [@bib0270]).

### 2.3.4. Assessment of alexithymia {#sec0045}

Based on previously reported associations with social anxiety ([@bib0055]), alexithymia was assessed using the Toronto Alexithymia Scale (TAS-20; [@bib0020]). The TAS-20 comprises three subscales (difficulty describing feelings, difficulty identifying feelings and externally oriented thinking) with high scores indicating high levels of alexithymia. It shows good psychometric properties (Cronbach's *α *\> 0.80; [@bib0020]) that have been examined in healthy samples.

### 2.3.5. Assessment of social desirability {#sec0050}

To control for social desirability in both groups of volunteers we assessed the Social Desirability Scale (SDS-17; [@bib0275])---a 17-item inventory with a true/false answer format with good psychometric properties (Cronbach's α of 0.72, a test-retest correlation of 0.82 across four weeks and evidenced convergent and discriminant validity).

2.4. Experiment 1: emotion classification task {#sec0055}
----------------------------------------------

### 2.4.1. Stimuli and design {#sec0060}

The emotion classification experiment was based on a 2 × 2 × 4 × 2-design with the within-subject factors initial fixation (eyes vs. mouth), presentation time (150 vs. 3000 ms), emotional expression (angry, fearful, happy, neutral) and the between-subjects factor group. Male and female faces unambiguously depicting angry, fearful, happy and neutral expressions were selected on the basis of validation studies from several established data sets. Stimuli were chosen from the following picture sets: KDEF (<http://www.emotionlab.se/resources/kdef>); the NimStim Face Stimulus Set (<http://www.macbrain.org/>); Pictures of facial affect ([@bib0075]), and the FACES database ([@bib0070]). All images were converted to grayscale and the cumulative brightness was normalized across images. Additionally, images were slightly rotated and cropped with an elliptic mask resulting in images containing only the face with both eyes at exactly the same height during presentation. For each participant, a sample of 40 individual faces (20 male, 20 female) for each emotional expression was drawn from the stimulus pool. These faces were assigned to the experimental conditions in a balanced way (i.e., the male/female ratio was constant across conditions). The resulting 160 trials were split into three experimental sessions with 55, 55, and 50 trials, respectively. Trial order was randomized.

Each trial consisted of the presentation of a fixation cross for 1 s, a facial stimulus shown for 150 or 3000 ms and a blank grey screen displayed for either 3850 or 1000 ms, respectively. The inter-trial interval (ITI), during which a fixation cross was shown again, varied randomly between 1 and 3 s. During stimulus presentation, we controlled for the initial fixation by unpredictably shifting the images upwards or downwards in each trial. As a consequence of this manipulation either the eyes or the mouth were presented at the position of the fixation cross for half of the stimuli within each emotion category, respectively.

Whenever a facial stimulus appeared on the screen, participants were ask to classify the depicted emotion as quickly and accurately as possible by pressing one of four keys on a standard computer keyboard with the index or the middle finger of both hands.

### 2.4.2. Data analysis {#sec0065}

Emotion recognition accuracy was determined by calculating the proportion of correct emotion classifications for each experimental condition. Additionally, we analyzed response latencies for trials with correct emotion classifications and corrected for outliers by removing all trials in which reaction times (RTs) exceeded the individual mean latency plus or minus three standard deviations.

With respect to the eye-tracking data, eye movements were parsed into saccades and fixations using velocity and acceleration thresholds of 30°/s and 8000°/s^2^, respectively, for saccade detection. Time intervals between saccades were defined as fixation. Using similar procedures as in previous studies (e.g., [@bib0035], [@bib0230]), we analyzed the direction of the first saccade following stimulus onset as well as dwell times on the eye and mouth region when faces were presented for 3000 ms. For all eye-tracking measures, we initially removed trials with saccades \> 1° or eye blinks during a baseline period of −300 to 150 ms relative to the onset of facial stimuli from further analyses. To quantify initial gaze orienting towards the eyes and towards the mouth we extracted the first (reflexive) saccade after stimulus onset. These initial fixation changes were detected, when they occurred within a time interval of 150--1000 ms after stimulus onset and their amplitude exceeded 1°. Only vertical gaze shifts were included in the analyses. When the eyes were initially fixated, downward fixation changes towards the mouth were scored. When the mouth was initially fixated, upward fixation changes towards the eyes were scored. The total numbers of these initial gaze changes across trials were divided by the number of valid trials per experimental condition resulting in proportional values. Additionally, we identified the amount of time participants spent looking at either the eye or the mouth region during the long stimulus duration. In more detail, the cumulative fixation time on predefined rectangular regions of interest centred on the respective facial feature was assessed during six successive time bins of 500 ms each and divided by the respective overall fixation time within the bin corrected for the occurrence of blinks and saccades. The analysis of the fixation time course using bins of 500 ms was conducted to evaluate whether fixation preferences changed during the total 3000 ms viewing duration. Moreover, potential hyperscanning of emotional faces was examined by determining the scanpath length during the long stimulus presentation. This was done by summing up the length of all saccades irrespective of their amplitude across the entire stimulus duration when faces were presented for 3000 ms.

We calculated repeated measures 2 × 2 × 4 × 2-ANOVAs with within-subject factors initial fixation, presentation time, emotional expression and the between-subjects factor group for hit rates, RTs and initial fixation changes. Face dwell times were pooled across initial fixation position and analyzed using a 2 × 4 × 6 × 2-ANOVA with within-subject factors fixated region, emotional expression, time bin and the between-subjects factor group. A 2 × 4 × 2-ANOVA with factors initial fixation, emotional expression and group was applied to examine potential differences in hyperscanning. Significant main (regarding factors with more than two levels) or interaction effects were followed by post-hoc pairwise comparisons with *p*-values adjusted according to Tukey\'s honest significant difference method.

2.5. Experiment 2: emotional gaze-cueing task {#sec0070}
---------------------------------------------

### 2.5.1. Stimuli and design {#sec0075}

The emotional gaze-cueing task was based on a fully-crossed 3 × 5 × 2-design with within-subject factors gaze direction (left, right, frontal), emotional expression (angry, fearful, happy, neutral, or neutral arrow cue) and the between-subjects factor group. Eight male and eight female faces gazing either to the left, to the right or displaying a frontal gaze direction were selected from the Radboud Faces Database (RaFD; [@bib0175]). Faces depicted angry, fearful, happy, and neutral expressions. For each facial expression, pictures were available that either showed leftward, rightward, or frontal gaze direction. All faces were converted to grayscale, the cumulative brightness was normalized across images and an elliptical mask was applied to each image to hide hair, ears and shoulders. As a control condition, arrows pointing either to the left, to the right or having an inconclusive, straight line on both sides as an arrowhead were presented during the task in addition to the faces. The 240 experimental trials were randomly assigned to four experimental sessions with 60 trials each. Trial order within each session was randomized.

In each trial, emotional facial expressions or arrows were presented for 2 s after a fixation period of 1 s. At 700 ms after the onset of the faces, a target stimulus (the letter E or F) appeared on the left- or on the right-hand side of the pictures. ITIs varied randomly from 3 to 5 s. Faces were displayed centrally such that the tip of the nose appeared at the position of the fixation cross. Arrows were shown slightly above the fixation cross at the height of the eye region. Gaze direction and target location were fully counterbalanced across all factors. Importantly, gaze direction was not predictive of the target location resulting in equal proportions of valid (i.e., target appearing at the gazed-at location) and invalid trials (i.e., target appearing at the opposite location). Participants were asked to identify the target letter as quickly and as accurately as possible by pressing the corresponding key on a standard computer keyboard. Two stacked keys (H and space) were chosen as response buttons instead of keys aligned left and right from each other ([@bib0065]). This was done to reduce the Simon effect which triggers faster and more accurate responses when target location and motor response are spatially congruent.

### 2.5.2. Data analysis {#sec0080}

Arrows represented a non-social control cue and did not reveal any group effects when analyzed separately. Therefore, we restricted our analyses to facial cues. For all measures, we only analyzed trials in which a correct answer was given and removed trials in which RTs were smaller or larger than the individual mean latency plus or minus three standard deviations.

To investigate gaze-cueing effects, response latencies were analyzed as a function of experimental conditions using a 2 × 4 × 2 repeated measures ANOVA with within-subject factors validity (valid vs. invalid gaze cues), emotional expression (angry, fearful, happy, neutral) and the between subjects factor group. Similar to experiment 1, eye-tracking data were corrected for trials in which saccades with an amplitude of \>1° or eye blinks occurred during a baseline period of −300 to 150 ms relative to stimulus onset. For all remaining trials, gaze-following effects were examined by determining the proportion of gaze congruent and incongruent saccades relative to all first and second saccades, respectively, within a scoring window of 150--700 ms relative to face onset (i.e., before target onset). Only saccades with a horizontal amplitude of \>1° were evaluated. Gaze-following effects were statistically analyzed using a 2 × 4 × 2 × 2-ANOVA with within-subject factors gaze congruency (congruent, incongruent), emotional expression (angry, fearful, happy, neutral), saccade (first, second) and the between subjects factor group. The significant interaction of group, gaze congruency and saccade (see Section [3](#sec0085){ref-type="sec"}) was followed by separate 2 × 4 × 2-ANOVAs within each group as well as post-hoc pairwise comparisons with *p*-values adjusted according to Tukey\'s honest significant difference method.

The frontal gaze direction was included in the paradigm to increase the variance of facial gaze cues and to control for effects of eye gaze. As neither gaze-cueing nor gaze-following can occur with direct-gazing faces, the frontal gaze direction was not considered in the above mentioned analyses. However, in a supplementary analysis we analyzed saccades towards the eyes and evaluated whether patients tend to avoid the eyes more frequently than controls when they were looking at them (see Supplement). This analysis did not reveal evidence for such response pattern.

3. Results {#sec0085}
==========

3.1. Sample characteristics {#sec0090}
---------------------------

The social phobia group reported significantly higher levels for social anxiety, depression, anxiety and alexithymia indices as shown in [Table 1](#tbl0005){ref-type="table"}, whereas scores of the control group were all within normal range. Only for social desirability scores no significant group differences were observed. As shown in supplementary analyses, depression, trait anxiety and alexithymia do not account for differences between social phobia patients and healthy controls in the eye-tracking results of both experiments (see Supplement).

3.2. Experiment 1: emotion classification task {#sec0095}
----------------------------------------------

### 3.2.1. Behavioural data {#sec0100}

Overall, classification accuracy was high for patients (*M* = 93.55%, *SD* = 3.95%) as well as for controls (*M* = 92.95%, *SD* = 6.36%). No significant group difference was found. In both groups, participants achieved higher hit rates during the long than during the short presentation time (main effect presentation time: *F*(1,42) = 4.65, *p* \< 0.05, *f* = 0.33), and less correct responses were observed for angry faces as compared to the other facial expressions (main effect emotional expression: *F*(3,40) = 8.82, *p* \< 0.001, *f* = 0.47; all pairwise comparisons to angry faces *p* \< 0.01). Response latencies were also comparable between both groups (Patients: *M* = 1219.15 ms, *SD* = 217.32 ms, controls: *M* = 1137.61 ms, *SD* = 156.80 ms). In general, RTs were faster during the short than during the long stimulus presentation (main effect presentation time: *F*(1,42) = 13.95, *p* \< 0.001, *f* = 0.58), and when the eye region was initially fixated (main effect initial fixation: *F*(1,42) = 4.66, *p* \< 0.05, *f* = 0.33). Moreover, response latencies differed significantly between emotional expressions (main effect emotional expression: *F*(3,40) = 18.40, *p* \< 0.001, *f* = 0.80). Participants responded fastest to happy faces, followed by neutral expressions, and slowest to angry and fearful faces (*p* \< 0.05 for the respective pairwise comparisons). All other effects did not reach statistical significance.

### 3.2.2. Eye movement data {#sec0105}

Participants in both groups made more initial saccades towards the eyes than towards the mouth (main effect initial fixation: *F*(1,42) = 73.26, *p* \< 0.001, *f* = 1.32, see [Fig. 1](#fig0005){ref-type="fig"}).

However, this gaze bias towards the eye region differed between groups (interaction of group and initial fixation: *F*(1,42) = 6.52, *p* \< 0.05, *f* = 0.39) with social phobia patients showing significantly more saccades towards the eyes as compared to healthy controls (*p* \< 0.05). For both groups, the pattern of initial fixation changes followed the distribution of diagnostically relevant facial features (interaction of emotional expression and initial fixation: *F*(3,40) = 13.39, *p* \< 0.001, *f* = 0.61). Thus, patients and controls showed more saccades towards the eye region of fearful and neutral as compared to happy faces (all *p* \< 0.01) as well as more saccades towards the mouth of happy faces as contrasted to all other facial expressions (all *p* \< 0.001). Additionally, a greater number of fixation changes irrespective of the initially fixated feature was observed during the long stimulus presentation (main effect presentation time: *F*(1,42) = 64.33, *p* \< 0.001, *f* = 1.24). This latter effect was also qualified by a significant interaction of group and presentation time (*F*(1,42) = 4.27, *p* \< 0.05, *f* = 0.32) but post-hoc pairwise comparisons within each presentation time condition did not yield significant group differences. Taken together, these results demonstrate a clear hypervigilance for the eye relative to the mouth region in patients with social phobia.

[Fig. 2](#fig0010){ref-type="fig"} indicates that participants mainly fixated on the eyes and the mouth during the whole 3 s stimulus presentation. In line with the early attentional bias for the eye region evident in the first saccades after stimulus onset, total dwell times for the long stimulus duration were also higher on the eyes as compared to the mouth region (main effect fixated region: *F*(1,42) = 144.10, *p* \< 0.001, *f* = 1.85, see [Fig. 3](#fig0015){ref-type="fig"}). Again, patients with social phobia were found to fixate the eye region longer (*p* \< 0.05) and the mouth region shorter (*p* \< 0.05) than healthy controls (interaction of group and fixated region: *F*(1,42) = 5.38, *p* \< 0.05, *f* = 0.36). Mirroring the results obtained for the initial fixation changes, the fixation bias for the eye region differed between facial expressions (interaction of emotional expression and fixated region: *F*(3,40) = 16.60, *p* \< 0.001, *f* = 0.69). The eye region was fixated shorter (all *p* \< 0.05) and the mouth region longer (all *p* \< 0.001) for happy as compared to all other facial expressions indicating that fixation durations were increased for facial features with higher diagnostic relevance. Our data revealed no evidence for a later avoidance of the eye region in patients with social phobia as no significant interaction of group, time bin and fixated feature was found (*p* \> 0.05). Overall, fixation durations decreased after the first time bin (main effect time bin: *F*(5,38) = 13.57, *p* \< 0.001, *f* = 0.54), although the strongest bias to primarily fixate the eye region was observed during the second time bin and the strongest bias for the mouth region was found for the first time bin (interaction of time bin and fixated region: *F*(5,38) = 20.84, *p* \< 0.001, *f* = 0.67). Moreover, the time course of dwell times on the eye and mouth region varied as a function of emotional expression as can be seen in the right panel of [Fig. 3](#fig0015){ref-type="fig"} (interaction of time bin, emotional expression and fixated region: *F*(15,28) = 3.22, *p* \< 0.01, *f* = 0.32). No further significant effects were observed for both eye-tracking measures.

No evidence for hyperscanning of emotional faces in social phobia was found in the current data set. The average length of the fixation scanpath was slightly larger for patients (*M* = 9.02°, *SD* = 2.68°) than for controls (*M* = 7.94°, *SD* = 2.68°), but the group effect was not significant (*p* \> 0.1). Generally, the fixation scanpath length was reduced for happy faces as compared to all other facial expressions (main effect emotional expression: *F*(3,40) = 15.63, *p* \< 0.001, *f* = 0.67; all pairwise comparisons to happy faces *p* \< 0.001), and for trials in which the eye region was initially fixated (main effect initial fixation: *F*(1,42) = 5.25, *p* \< 0.05, *f* = 0.35; see also Supplement Fig. S1).

3.3. Experiment 2: gaze-cueing task {#sec0110}
-----------------------------------

### 3.3.1. Behavioural data {#sec0115}

Patients with social phobia identified the target letter correctly in 97.32% (*SD* = 1.68%) of the trials and controls hit the correct button in 96.15% (*SD* = 2.85%) of all trials. The two groups did not differ significantly (p \> 0.1). Patients with social phobia (*M* = 713.03 ms, *SD* = 96.91 ms) were significantly slower in detecting the target letter than control participants (*M* = 624.73 ms, *SD* = 90.30 ms; main effect group: *F*(1,42) = 9.77, *p* \< 0.01, *f* = 0.48). The gaze-cueing effect did not reach statistical significance, nor did any of the other effects in the repeated measures ANOVA model (see Supplemental Fig. S2). As RTs in the current study were generally rather slow as compared to previous studies and gaze-cueing effects have been reported to depend on brief stimulus onset asynchronies (SOAs) between cue and target presentation (see [@bib0095] for a review), we additionally performed separate analyses for fast and slow RTs (below and above median RT of 665.14 ms). When considering fast RTs relative to the median, a significant gaze-cueing effect was observed (main effect validity: *F*(1,40) = 6.92, *p* \< 0.05, *f* = 0.42) in addition to the group effect (*F*(1,40) = 14.86, *p* \< 0.001, *f* = 0.61), whereas no significant effects were observed for slow RTs relative to the median. When only RTs faster than the median of 665.14 ms were analyzed, more trials were excluded for patients (*M* = 55.28, *SD* = 22.48) than for controls (*M* = 33.47, *SD* = 22.67), due to the significantly prolonged RTs in the former group.

### 3.3.2. Eye movement data {#sec0120}

The average number of saccades did not differ between patients with social phobia (*M* = 1.53, *SD* = 0.71) and controls (*M* = 1.19, *SD* = 0.64, *p* \> 0.1), and the likelihood for observing more than two saccades was low (patients: *M* = 13.93%, *SD* = 22.77%; controls: *M* = 7.40%, *SD* = 12.34%). Thus, we focused our analyses on first and second congruent and incongruent saccades and observed a gaze-following effect indicating that participants directed their attention more frequently into the gaze direction of the depicted faces than into the opposite direction (main effect congruency: *F*(1,42) = 22.49, *p* \< 0.001, *f* = 0.73; see [Fig. 4](#fig0020){ref-type="fig"}). Interestingly, gaze-following varied as a function of time (interaction of congruency and saccade: *F*(1,42) = 4.48, *p* \< 0.05, *f* = 0.33), and this time course differed between the two study groups (interaction of congruency, saccade and group: *F*(1,42) = 8.59, *p* \< 0.01, *f* = 0.45). The likelihood of showing lateralized saccades was increased for the second relative to the first saccade (main effect of saccade: *F*(1,42) = 4.76, *p* \< 0.05, *f* = 0.34). To deconstruct the observed three-way interaction, separate ANOVAs were calculated within each group. For healthy controls, only the main effect of congruency reached significance (*F*(1,21) = 10.66, *p* \< 0.01, *f* = 0.71), thus indicating similar gaze following across both saccades and all facial expressions. Patients with social phobia also exhibited gaze following (main effect congruency: *F*(1,21) = 11.84, *p* \< 0.01, *f* = 0.75) but this effect was markedly reduced for the first (no significant difference between congruent and incongruent saccades) as compared to the second saccade (*p* \< 0.001) as reflected in an interaction of congruency and saccade (*F*(1,21) = 9.56, *p* \< 0.01, *f* = 0.67). Finally, gaze following differed between emotional expressions in the group of patients (interaction of emotional expression and congruency, *F*(1,42) = 3.30, *p* \< 0.05, *f* = 0.44) with relatively more congruent than incongruent saccades occurring for angry (*p* \< 0.05) and fearful emotional expressions (*p* \< 0.001).

4. Discussion {#sec0125}
=============

The current results demonstrate a clear hypervigilance for the eye relative to the mouth region in patients with social phobia and show no evidence for a later avoidance of eye gaze during the entire 3 s stimulus presentation interval. Regardless of the type of emotional expression patients as compared to controls reflexively shifted their attention more frequently towards the eye region suggesting that automatic attentional orienting towards the eyes but not towards diagnostically relevant facial features in general is biased in social phobia. Moreover, we provide evidence for a modulation of eye gaze processing in participants with social phobia by revealing a differential time course of gaze-following in patients and controls.

The currently observed enhanced tendency to reflexively shift attention towards the eyes of emotional faces in patients suffering from social phobia is in line with previous reports on hypervigilance for socially threatening stimuli in social anxiety ([@bib0190], [@bib0265]). Thus, initial attentional orienting towards the eye region might reflect an increased sensitivity for socially relevant and potentially threatening cues in individuals with social phobia and contribute to the development of social fears. However, our data argue against a later avoidance of eye gaze, as dwell times on the eye relative to the mouth region were also increased in participants suffering from social phobia when stimuli were presented for a longer duration of 3 s. This finding is rather inconsistent with previous studies showing that social anxiety leads to an avoidance of eye gaze. Most likely, such avoidance primarily occurs when participants are engaged in social interactions instead of simply observing computerized faces ([@bib0025]; [@bib0080]), and when emotional faces are presented for longer time intervals than in the current paradigm ([@bib0150], [@bib0155], [@bib0200], [@bib0300]). Prolonged stimulus presentation times in earlier studies may also account for previous findings of hyperscanning of emotional faces ([@bib0150], [@bib0155]), that were also absent in the current investigation.

Contrary to previous studies, the current emotion classification paradigm was optimized for differentiating reflexive from sustained attentional processes and thereby revealed an early attentional bias in patients that persisted, when stimuli were presented for 3 s. Furthermore, it enabled us to differentiate whether diagnostically most relevant facial features or the eyes in general are processed preferentially in social phobia. In accordance with previous studies, the attentional bias towards the eyes was attenuated when happy faces were presented, because the mouth region is diagnostically more relevant for this emotion ([@bib0035], [@bib0110]; [@bib0120]; [@bib0125]; [@bib0230]). Yet, this interaction of emotion and initial fixation was comparable between both groups suggesting that only processing of the eye region but not of diagnostically relevant facial features is affected in social phobia. Moreover, emotion recognition accuracy was comparable between patients and controls, which is largely in line with previous studies which often failed to detect group differences in social phobia and anxiety ([@bib0015]; [@bib0145]) or reported group differences only for evaluating negative compared to positive stimuli ([@bib0090]; [@bib0160]). Thus, beyond facilitating emotion recognition, the eyes of emotional faces are of special relevance for individuals with social phobia presumably by conveying important information about other peoples' intentions and thoughts. Increased reflexive vigilance towards the eyes in concert with interpretation biases characteristic for the disorder ([@bib0045]) might therefore reinforce fear of scrutiny and negative evaluation in social phobia.

If attention to the eye region is biased in patients with social phobia, the perception of eye gaze might also be affected. Gaze signals the focus of attention and therefore acts as an important clue to guide and interpret social behavior of conspecifics. Several studies have focused on investigating eye gaze perception in social phobia showing for instance a more liberal criterion for perceiving eye contact in social phobia/anxiety ([@bib0115]; [@bib0165]), and differences in the processing of direct versus averted gaze as a function of social anxiety ([@bib0235]; [@bib0305]). Yet, to the best of our knowledge, attentional orienting by gaze direction has never been studied in social phobia. In healthy participants, gaze-cueing paradigms as employed in the current study consistently revealed attention shifting into the direction of eye gaze followed by substantial gaze-cueing effects, i.e. faster detection of validly compared to invalidly cued targets (for review see [@bib0095]). Here, we observed differences in the time course of attentional orienting triggered by gaze cues between patients and controls suggesting a differential processing of eye gaze. Whereas control participants followed the gaze of emotional faces immediately and directed already their first saccade more frequently into the direction of eye gaze than into the opposite direction, individuals with social phobia only showed a delayed gaze-following effect.

Gaze-following as a fundamental component of joint attention has already been shown to be altered in neurodevelopmental disorders involving severe social deficits such as autism and schizophrenia ([@bib0170]; [@bib0220]; [@bib0295]). The current finding of delayed gaze-following in patients with social phobia is therefore highly interesting. Apparently, gaze-following occurs more automatically in healthy participants, whereas attention in social phobic individuals is initially captured by socially meaningful cues such as the eyes per se along with difficulties to disengage attention from them as also suggested by traditional models of social phobia ([@bib0210]). This idea is consistent with the observation that initial saccades were mainly directed towards the eye region in the gaze-cueing paradigm (see Supplement), whereas subsequent saccades were more lateralized in both groups. Moreover, a marked tendency to initially direct attention towards the eye region in social phobia was observed in the emotion classification paradigm, although no significant group differences in the frequency of saccades towards the eye region were observed in the gaze-cueing paradigm. However, as the stimulus position was highly predictable in the gaze-cueing in contrast to the emotion classification paradigm, the task was probably less suitable to detect group differences in reflexive orienting towards specific facial features.

Differences in the time course of attentional orienting towards gaze cues did not translate into group differences with respect to gaze-cueing behavior. Shorter SOAs between cue and target presentation might however capture solely immediate gaze-following effects as observed for healthy controls and might therefore result in differences in gaze-cueing effects between patients and controls. Notably, across both groups faster detection of validly compared to invalidly cued targets was only observed for fast reaction times in the gaze-cueing paradigm presumably due to generally high response latencies across both groups and a rather long SOA of 700 ms.

The current results also fit with the neuroscientific literature on amygdala hyperactivity for emotional faces in social phobia ([@bib0180]; [@bib0205]; [@bib0280]; [@bib0290]). Recent studies on the functional role of amygdala responses to facial expressions suggest that activity in this brain region is implicated in triggering reflexive gaze shifts towards the eyes ([@bib0110], [@bib0120]). Hence, exaggerated amygdala activation in social phobia may also underlie the observed hyperactivity towards the eye region in the current emotion classification paradigm. Moreover, our finding of a delayed gaze-following effect in patients as compared to controls suggests dysfunctions in other neural circuits that are implicated in perceptual processing of eye gaze besides the amygdala ([@bib0005]). One such candidate region is the posterior superior temporal sulcus (pSTS) that was found to mediate gaze following in macaques ([@bib0225]). Future studies investigating the neural underpinnings of social phobia should therefore clarify the individual contribution of amygdala and pSTS recruitment during face perception to emotional expression and eye gaze processing.

Some limitations of our study should be noted. First, this study included well-matched patient and control groups but it has still to be elucidated how specific the current findings are for social phobia in comparison to other anxiety disorders. Second, the stimulus duration in experiment 1 did not exceed 3000 ms. It seems very interesting to examine whether hypervigilance for the eye region persists for even longer viewing durations in the current emotion recognition task. Third, to enable an analysis of eye movement data, we used a rather long SOA between cues and targets in experiment 2. Since we only observed a behavioral gaze-cueing effect for short reaction times, a shorter SOA would help to elucidate behavioral differences in gaze-cueing between patients and controls.

In summary, we provide evidence for a marked hypervigilance towards the eye region in social phobia. This increased vigilance represents an early, reflexive attentional mechanism that persists at least during the first 3 s of stimulus presentation and does not directly relate to the detection of diagnostically relevant facial features. We further show that eye gaze processing is biased in social phobia by reporting delayed gaze-following effects. Thus, our findings show that basic attentional mechanisms relevant for adequately perceiving and interpreting social cues are impaired in social phobia. A crucial question for future research is how these attentional biases are represented at the neural level and how they contribute to the development and maintenance of social fears.

Appendix A. Supplementary data {#sec0135}
==============================

The following are Supplementary data to this article:
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![Emotion classification task (experiment 1): Proportion of saccades as a function of initial fixation and emotional expression are depicted for patients and controls. Data for both groups are shown separately for the short (left side) and the long (right side) stimulus duration. Proportions reflect the number of first, reflexive saccades relative to the number of valid trials for each experimental condition. Error bars indicate SEM.](gr1){#fig0005}

![Emotion classification task (experiment 1): Heatmaps illustrating the fixation density on different emotional expressions for patients and controls. Data were only analyzed for the long stimulus duration.](gr2){#fig0010}

![Emotion classification task (experiment 1): Dwell times on the eye and mouth region for patients and controls. On the left, average dwell times during the whole 3000 ms interval are shown as a function of the fixated region and emotional expression. In the right panel, dwell times are depicted for six time bins of 500 ms each. Error bars (left) or colored bands (right) indicate SEM.](gr3){#fig0015}

![Gaze-cueing task (experiment 2): Gaze-following effects in patients and controls. The time course of gaze congruent and incongruent saccades is shown as a function of emotional expressions. Here, the term congruency refers only to the gaze direction of the faces and not to the location of the target letter. Gaze congruent and incongruent saccades were assessed when the cue was presented and before the target letter appeared on the screen. As the figure illustrates, gaze-following effects for 1st and 2nd saccades (more congruent than incongruent saccades) can be seen for controls, whereas patients only show gaze-following for the 2nd saccade. Error bars indicate SEM.](gr4){#fig0020}

###### 

Socio-demographic and questionnaire data for patients with social phobia and healthy controls.

Table 1

  -------------------------------------------------------------------------------------
                               Patients         Controls        Group comparison
  ---------------------------- ---------------- --------------- -----------------------
  Age (years)                  32.18 (8.59)     31.91 (8.38)    *t*(42) = 0.11, *ns*

  Sex (male/female)            12/10            12/10           

  Education in years           11.36 (1.53)     11.82 (1.44)    *t*(42) = 1.02, *ns*

  \% Comorbid diagnosis        50.00            0               

  \% Depression                31.82            0               

  \% Other anxiety disorders   9.09             0               

  \% Anxious (avoidant)\       9.09             0               
  personality disorder                                          

  \% Other                     22.72            0               

                                                                

  SPAI                         161.16 (28.78)   72.04 (23.64)   *t*(42) = 11.22\*\*\*

  SIAS                         46.45 (12.63)    12.14 (8.79)    *t*(39) = 10.14\*\*\*

  BDI                          18.45 (9.50)     3.72 (3.28)     *t*(42) = 6.88\*\*\*

  STAI-T                       55.36 (9.06)     32.18 (8.64)    *t*(42) = 8.68\*\*\*

  TAS-20                       56.64 (11.68)    37.45 (10.23)   *t*(42) = 5.79\*\*\*

  SDS-17                       9.68 (3.06)      9.91 (3.13)     *t*(42) = 0.24, *ns*
  -------------------------------------------------------------------------------------

*Notes*. Values in parentheses indicate standard deviations. SPAI: Social Phobia and Anxiety Inventory, SIAS: Social Interaction Anxiety Scale; BDI: Beck's Depression Inventory; STAI-T: State-Trait Anxiety Inventory, TAS-20: Toronto Alexithymia Scale, SDS-17: Social Desirability Scale. *ns*: not significant, \*\*\**p* \< 0.001.
